© Publication number § 2%7 4Bi 

A1 



© EUROPEAN PATEKIT APPUCAimOKI 



® Application number ^^932^ © Int a.-*: B01D 27/06 , B01 D 13/00 

© Date of filing: 17.03^ 



® Prioritv: 19.07.85 US 7B7217 


Mppiicani. nn i ca i rfv/v\) llr^}^ 


© Date of publication Of application: 


2S200 RtyQ Cstnyon Ro&d 


Vsitencte, 9i3SS(U3) 


Aft A/1 on IB. mlRynWtm OVME 


® Designated Contracting States: 


@ Inventor BllSctoh, Loute A. 


^;tnntmSfitle DrtvQ 


ATBECHDEFR(^ITULUNLS£ 


Csurnfon Country CQltfomte 91361 (US) 




Inventor Kaplstn, StbsiphtGn 








T^foodBand HHla CQlKocmis 91354(US) 




Inventor RahGrty, JsinKBts E. 




12231 H&TtS&ml S&rtB®2 




C^Sortn HG9ly^::;ood Calltomla 91350(US) 




Inventor LuCxsiQacs^^Ttez, TterynKmd (X 




2CS10 AKominoo Drtwa 




S£}ugu@ CfitlKiimitet 91350(US) 




© Representative: I^^sSisaid, C^lch&Gl ok>hn edt &I 




Pfitg® fii Co. Tcsnpte Qots Koosso Tempfi® Qato 








Europlilsches Patontenrt 
European Patent Offic® 
Of?ICQ ouropcSsm ctoo brovGts 



© A filler element constructed entirely of compo- 
nents fatMficated from fluoropolymers including a fil- 
ter media (12) constructed of a non-thennoplastic 
fluorocarbon resin material. The filter element in- 
cludes a core member (10) over which there is 
disposed a filter media (12). the end edges of which 
are melt flow bonded to a pair of end caps (18^). 
^An outer protective sleeve (24) may be Incorporated 
cggto protect the filter media (12) from potential dam- 
age. The filter media (21) includes a fluorocarbon 
ggtesln membrane (14) and one or more screens - 
(;^(15,18) which may or may not be laminated together. 
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REFERENCE TO REUTED APPUCATIONS 

This application Is a continuatiorHn-part ap- 
plication of Serial No. 08/548,008, filed September 
10, 1984 for RLTER ELEMENT. 



BACKGROUND OF THE INVENTION 

In many manufacturing processes it has t)een 
found desirable to utilize filter elements in the 
presence of highly reactive chemicals such as sul- 
phuric add. nitric add, chromic add, hydrochloric 
add, hydrofluoric add, sodium hypochlorite and 
the like, sometimes at relatively high temperatures. 
Such highly reffi:ttve chemicals attack most knovvn 
prior art filter elements, particularly those utilizing 
solvents or adhestves in the manufacture of the 
elements. As a result, the priCH- art fitter elements 
either cannot b9 used or have a relatively short 
fifetime due to chemical attack and must be re- 
placed fairly frequently, thus adding to the cost of 
the manufacturing (process. 

Components fatMricated from fluoropolymer and 
particularly fluorocarbon resins have unique com- 
t>inations of physical and chemical properties wtiich 
make them particularly useful In such hostile envi- 
ronments as those of fHtering reactive chemicals 
even at elevated temperatures. 

Various effcMis have been made to construct 
filter elements using such components tnduding 
tiiose fabricated from fluorocarbon resins which will 
witiistand such highly reactive chemicals and tiie 
best known art is represented by U.S. Patents 
3.457,339; 2,732^31; 2J72J2SB; 2,773.781; 
2.789.083; 2,934,791; ^941 ,620; 3.013,607. 
3,867^94. 4,033.^; 4.154.688 and 4,284,886. 
However, to applicants' knowledge, the prior art 
has not be&n successful in constructing a com- 
pletely se^ed filter element entirely of components 
fabricated eotctu^vely from fkioropolymers irtclud- 
ing a fluorocart>on resin. 

By the term "^uorocartxm resin" as used 
throughout ttie specification and daims it is meant 
a polymer wherein the external bonds of the car- 
bon atoms have adhered thereto an atom of flu- 
orine. Typical examples of such fluorocartxm resins 
is a polymer conslstirtg of recuning 
tetrafkioroetiiylene monomer units whose formula 
is: 

[CF^FJ „ 

commonly referred to as "PTFE"; a copolymer of 



tetrafluoroethylene and hexafluoropropytene wftti 
th formula: 

[CF(CFJ-CF^CFrCF,)„L 

5 

commonly refenred to as "FEP"; and a copolymer 
of tetrafluoroetiiylene and perfluoronated vinyl ether 
having the formula: 

70 [CF(OR,)-CF>(CFrCFJ„Ln 

commonly referred to as -PFA**. 



75 SUMMARY OF THE INVENTION 

A fitter element constructed exckisively of com- 
ponents fatnicated from fluoropolymers indudng a 
fluorocartxm resin which indudes a perforate core 
20 memt)er having positioned ttiereover a filter media 
induding a fluorocariDon resin membrane. The end 
edges of the fiuorocarbon resin filter media are 
dosed and are melt flow bonded to a pair of end 
caps. 

25 The method of making a filter element of 
fluoropolymer and fluorocariDon resin components 
whk:h includes impregnating en6 heat sealing the 
side and end edges of a fluorocartxm resin fitter 
media, pleating the fitter media, filling the inter- 

30 stices between the pleats witti a fluorocariton resin 
material which is bonded to ttie filter media and 
thereafter melt fk)w bonding the end edges to the 
end caps. 

35 

DESCRIPTION OF THE DRAWINGS 

RGURE 1 is a composite isometric view, 
partially broken away. Illustrating a fitter element 
40 constructed in accordance with ih& principles of the 
present invention; 

RGURE 2 is a schematic diagram illustrating 
one of the steps In the manufacture of tfie fitter 
element; 

45 FIGURE 3 is a schematic diagram of a frag- 

mented portion of the filter media after tiie step 
Illustrated in RGURE 2 has been perfonned; 

RGURES 4 and 5 Illustrate a manner of 
seaming the side edge of a fitter media constructed 

60 in accordance witii the present invention; 

RGURE 6 is a schematic diagram of an 
additional step in the fabrication of a fitter element 
constructed in accordance with the present inven- 
tion; and 
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RGURE 7 is a schematic diagram illustrating 
th8 bonding of an end cap to the closed end of the 
filter media. 



DETAILED DESCRIPTION OF THE ISMVENTION 

By utilization of a filter element constructed 
entirely of components fatxicated from 
fiuoropolymers and particularly from ftuorocartx)n 
resins almost unlimited cf)emical resistance can be 
obtained from filter elements even in highly agg- 
resive and hostile environments which normally 
limit the life of such filter elements. Such a filter 
element is illustrated in RGURE 1 and is con- 
structed in accordance with the principles of the 
present invention. As is therein ^K>wn a perforata 
support core 10 is constructed of a fluorocarbon 
rosin and is utilized to support the filter media 
shown generally at 12. The filter media 12 is con- 
structed of a filter membrane 14 wfiich may or may 
not be laminated with a support screen 16. As an 
alternative embodiment an additional support 
screen 15 may be placed on the opposite side of 
the membrane 14 and may or may not be lami- 
nsited thereto to assist in hmJIing the membrane 
during processing steps to form the pleated mecfia 
The membrane 14 is preferat>ly constructed of an 
enpmied amorphous-locked fluorocartxxi resin^ 
such for example as polytetrafluoroethylene, and 
may. for example, be of the type as disclosed in 
U.S. Patent 3,953,586 the disclosure of which is 
incorporated herein by reference. Alternatively the 
filter media may be fabricated from floculated 
PTFE filter paper having pore sizes in the ranges 
retired for the particular application. In any event 
the fluorocartMxt resin membrane 14 is fabricated 
from porous PTFE or other porous fluorocartxm 
resin membrane of uniform porosity and separates 
very smalt particles from the filtrant and, for e>cam* 
pla, can have a rating of from .01 to 10 microns. 
On the other hand, the screen 16, as well as the 
screen 15 (if used), mer^y provide a mechanical 
support for the membrar>e 14 and have relatively 
large openings therein which do not inhibit the flow 
of the filtrant 

The filter media 12 is secured between a pair 
of end caps 18 and 20 one or both of which may 
have an opening such as shown at 22 to provide 
for the flow of the filtrant which typically flows from 
outside in as is well known to those skilled in the 
art The filter media 12 must be fimnly secured to 
the end caps 18 and 20 in such a manner that a 
flukj tight seal of high strength is obtained to pre- 
vent any bypass of th material being filtered while 



maintaining the integrity of the bubble point of the 
media As is shown in RGURE 1 the fitter media 
12 typically is pleated prior to being bonded to the 
end caps 18 and 20 but such is not required. 

5 A perforate outer protecth^ sleeve 24 fabri- 
cated from a fluorocart)on resin is positioned over 
the filter media 12 to protect it from damage both 
from handling and also in the event a back pres- 
sure occurs from backflushing or an accidental 

w surge or the like. If desired, the outer sleeve may 
be elminated. 

The filter element as illustrated in RGURE 1 is 
preferably constructed from components fabricated 
entirely of fiuorocartxxi resins. As a result thereof. 

76 the filter element can withstand attacks by highly 
reactive chemteal materials of the type above re- 
ferred to. 

One of the major difficulties encountered in 
attempting to construct a filter element of compo- 

ao nerrts fabricated from all fluorocarbon resins has 
been forming the brigrtudinal seam on tfie media 
12, sealing the end edges of the fluorocarbon resin 
filter media 12 m\d bonding the filter media 12 to 
the end caps. Applicants have found that by utiliz- 

25 ing the material as above described and by choos- 
ing a screen material 16 (or a separate layer ak>ng 
the end edge) having a melting point slightly tower 
than the gel point (not a true n>elting point) of the 
membrane material 14 ssnd then by sutijecting the 

X end edges of the media 12 to appropriate heat and 
pressure of sufficient magnitude to melt setectively 
the end edge of the screen portion 16 it will flow 
through the pores of the membrane 14 and effec- 
tively encapsulate the same. Such is illustrated - 

35 schematically in RGURE 2 to which reference is 
hereby made. 

Preferatrfy the membrane 14 is fabricated from 
a polytetrafluoroethylene fluorocarbon resin - 
(PTFE) which has been layered with a screen 16 

40 fabricated from a copolym^ of tetra-fluoroethylene 
arKl hexafluoropropylene fluorocartxm resins (FEP) 
or a copolyn>er of tetrafluoroethylene and per- 
fluoronated vinyl ether (PFA). By placing the end 
edge 26 of the nnedia 12 between the surfaces of 

45 an anvil member 28 whrch is heated as is ^Krwn 
by the arows 30 artd t3y applying appropriate 
pressure as is illustrated by the arrow 32. the FEP 
melts and impregnates the pores of the PTFE 
membrane as is shown in RGURE 3 at 34. 

50 Alternatively a layer or strip of FEP or PFA 
material may be placed atong the end edge 26 of 
ttie media membrane 14 prior to application of the 
heat and pressure tfiereto. Through this technique 
the erxl edges of tiie PTFE are impregnated and 

55 laminated with a m It flow fluorocartxm resin ma- 
terial, that is, a thermoplastic material as shown at 
34. Prior attempts to use tfie PTFE membrane for a 
fitter media where a fluid tight seal is required hav 
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bssn unsuccessful because the PTFE Is not a 
thennoplastk: material and vvhen raised to a high 
temperature turns into a gel and upon cooling 
shrinks and loses its bubbi point integrity render- 
ing it useless bs a fitter. By Impregnating and 
laminating the end edges of the PTFE membrane 
as above described, the FEP or PFA melt flow and 
Impregnate and laminate the PTFE without damag- 
ing the PTFE membrane In any manner. If the FEP 
or PFA layer is between 1 and 2 mils thick, the 
impregnating and laminating can be accomplished 
at a temperature of TOO'F with a pressure of 185 
p.s.i. for 2^ seconds. It has be&n found tt)at for 
thicknesses of the thenmoptastk: material of be- 
tween 1 to 4 mils that temperatures betv^een 525*" 
and 750^F with pressures between 50 and 400 
P.S.L for times between 1 to 4 seconds will produce 
good results. 

Although PFA and FEP are preferable for the 
melt fkyw materials, other fluoropotymers may be 
used, with appropriate modifications of the ^X3ve 
parameters as required, for example. ETFE 
(ethylene-tetrafluoroethylene copolymer). ECTFE 
(ethytene-chlorotrifiuoroethylene copolyma^. CTFE 
(chlorotrifluoroethylene copolymer), ^ TFA (a 
fluorocarbon which is equivalent to PFA and which 
is manufactured by Hoechst GmbH artd sokj under 
the trademark ""Hostafkm*^ aid EPE (equivalent to 
PFA and manufectursd by Matsui Ru(Mt>chemicals 
in Japan). 

As is well known to those skilled in the art and 
as above referred to, the fitter media is appro- 
priately pleated and an edge thereof is seamed 
whk:h is further ilhjstrated in RQURES 4 &id 5. As 
is shown, the e6ge 36 of the pleated media has 
been seamed to provide a seal along the entire 
length of the fitter media. The seal akmg the edge 
38 Is also fluid tight and must not degrade tfte 
bubble point of the fitter meda. Preferably the 
seam seal is formed by first sealing the edges as 
above described with respect to the eiKS edges and 
then melt fksw bonding the sealed edges together. 
In this fashion the melt ftow material first impreg- 
nates and laminates the PTFE memt>rane and 
thereafter mett ftow bonds to itself without degrad- 
ing the PTFE membrane. Preferably a 1 to 2 mil 
thick strip of FEP or PFA material is laminated to 
the PTFE membrane by healing to 550**F at a 
pressure of 143 p.sJ. for 3 seconds. Thereafter the 
laminated edges are ttonded together at SSO^'F at 
143 p.sj. for 3 seconds. The temperature, time, 
pressure and thickness ranges at»ove described 
are applicat)le to this side seam seal formation. In 
addition the fluoropolymers atxyve referred to may 
be substituted for the FEP or PFA if desired where 
an all fluorocaribon resin filter lement Is not re- 
quired. It must be recognized that a mett flow 
material must be laminated to the PTFE membrane 



to effect the desired longitudinal seam. The PTFE 
memtMrane cannot be sealed to itself without raisir^ 
the PTFE beyond Its gel temperature whteh woukJ 
cause the memlxane to shrink upon cooling there- 
5 by destroying Its bubble point Integrity. 

After the appropriate heat sealing of the end 
edges and the seam as atx)ve described the pleat- 
ed edges of the media are appropriately ck>sed 
and thereafter secured and bonded to each of the 

10 end caps 18 and 20. Alternatively, the end caps 
may be bonded to tha media simultaneousiy with 
the ctosing tttereof. 

By reference now to RGURE 6, there is illus- 
trated the manner by whteh the ends of the pleated 

75 fluorocarbon resin media are closed. As is therein 
shown a release agent 44 is applied to the re- 
cessed annular surface of a heated mokl 48. An 
annuity 48 of FEP material is placed withki a 
space defined by tlie recessed annular mokl 48. 

20 Thereafter the pleated fitter media 12 cDsposed 
between the inner core 10 and the outer guard 24 
is placed in contact with the annukis 4a Heat is 
applied as shown by arrows 54 in an amount 
sufficient to mett the annulus 48 and part of the 

25 t>ase of the mesh pack. A pressure as shown by 
arrow 58 is applied to the top of the filter media 
assembly. The pressure may be applied during the 
entire haatirYg step. The pressure akmg, with the 
molten annulus causes tt)e molten fluorocart)on 

30 resin material to flow between mi dose off the 
ends of the pleated media and to completely seal 
the same. Alternatively, the screen 16 may bs 
extended beyond the end edge of the pieated 
media and such e)ctension may be sut>stituted for 

35 the annulus 48. 

It has been found that the annulus 48 may take 
any form desired in that it may be a single or 
several layers, granular or powdered (that is. the 
FEP or PFA may be pulverized) in form or a 

40 combinatkm thereof. It has also been found that the 
annulus may be FB' or PFA or other of the melt 
flow fluoropolymers, PTFE will not woric Further- 
more, the end edges of the filter media may not 
require sealing as at>ove described although such 

45 is considered the prefenred embodiment 

The heat shouM be applied for a time and at a 
temperature to render the annulus 48 of FEP or 
PFA molten. It has been found that a temperature 
of from approximately 520'F to 650"F for a time of 

50 at least approximatety 1 minute is sufficient Also, a 
pressure of at least approximatety one pound per 
square inch has been found preferable depending 
upon the time it is applied. Such has been found 
not to be critical the main criteria being to 

55 insure that th annulus material totally encapsu- 
lates the membrane material to effect a complete 
seal of th end of the pleated media 
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The release layer 44, it needed, may be any 
material that v^'ll not stick to the media or the 
retstnar members. Orie such material Is a ther- 
moset potyimrde sold under the name Kapton type 
H v;^lch is a trademark of E I. duPont de Nemours 
& Co. Inc. Each end of the filter media is similarly 
treated to ctose it off. Sut>sequentty the end caps 
18 and 20 are secured to the ck>sed ends of the 
filter media 

For purposes of illustration an end cap 18 is 
shown in cross section in RGURE 7 vvlth the pleat- 
ed filter media 12 treated as atxyve de3crik)Gd posi- 
tioned in place tt>ereon during the melt flow bond- 
ing of the end cap tt)ereto as required for construc- 
tiqn of a filter element in accordance with the 
present invention. The end cap 18 as is shown in 
RGURE 7 is preferably fabricated from FEP or 
PFA fluorocarbon resin. The end cap is ba3k:a]ly 
hat-shaped as is illustrated in RGURE 7 and as 
also shown in RGURE 1 may. if desired, have a 
centrally disposed opening as shown at 22. 

The er)d cap 18 and tfte sealed end of the 
pteated filter media are each heated by applk:ation 
of energy thereto and at a temperature of 850*F 
for a time sufficient to render the opposed surfaces 
thereof (as shown in RGURE 7) molten, one 
minute after the surfaces reach 650*'F. The op- 
posed surfaces are then brought into contact at a 
pressure of 1 p.sJ. and the molten material alk>wed 
to cool. In this manner tiie end cap fitting is melt, 
ftow bonded to the fitter media to complete the 
filter element The melt ftow bonding of the end 
caps to tfte ends of the pleated media may t>e 
accomplished at a temperature range of 525° to 
700**F at a pressure of 1/2 to 4 p.s.i. for a time of 
1/2 to 5 minutes subsequent to the time the edges 
r^cch the prescn*bed temperature. 

It will also be recognized by those skilled in the 
art and particularly with reference to RGURE 1 tfiat 
at the same time tfte filter media 12 is bonded to 
the end caps the support tube 10 and the protec- 
tive sleeve 24 may also be melt fkiw bonded to the 
end caps in like manner. It will also, however, be 
reco^ized that there is no necessity for such 
bonding to occur since the support tube and the 
protective sleeve only provide a mechanrcal sup- 
port end protection for the filter media 12 and need 
not be bonded. The only requirement is that tiie 
filler media 12 be securely and pemianentiy bon- 
ded to the end caps to preclude and possibility of 
leakage of the material being filtered thereby con- 
taminating the filtrant Through ttie utilization of the 
melt ftow materials ak)ng the end and side edges 
of the PTFE membrane excellent fluid tight seals 
are obtained while maintaining the tnibble point 
integrity of the PTFE membrane filter media As a 



result there is provided a fluorocarbon resin mem- 
twane filter media in a filter element whk:h may be 
cortstructed of all fluoropolymers thai does not 
compromise the bubble point of the filter media 

5 

Ctelmo 

1. A.completely sealed filter element construct- 
to ed exclusively of components fabricated from 

fluoropolymers comprising: 

a perforate support core member 

75 a filter media trtduding a fiuorocartx>n resin porous 
membrane disposed upon said support core mem- 
ber and having first and second end edges; and 

first and second end caps melt flow bonded to saki 
so first and second end edges of said membrane 
respectively without degradation of the t»ut>t>te 
point of sakl membrane. 

2. The fitter elenDent as defined In claim 1 
wherein said filter media indudas a pluraTity of 

25 layers of fluorocarbon resin material and wherein 
sakJ end edges of sakl media are first heat sealed 
prior to melt fkTw trending said end caps to sakj 
media 

3. The fitter element as defined in daim 1 
so wherein sakJ filter media is pleated and fonned into 

a tube and contiguous edges tiiereof are first melt 
flow Ixxidsd together prior to a>elt flow bonding 
said end caps to saki media 

4. The fitter element as defined- in claim 1 
36 which furtiier includes an outer fiuorocart)on resin 

perforate protective sleeve disposed over sakj filter 
media 

5. The fitter element as defined in datm 4 
wherein sakl inner support core and said protective 

40 sleeve are each melt flow borKled to each of said 
end caps. 

6. The filter element as defined in daim 2 
wherein said media includes a screen of fluorocar- 
bon resin material laminated with sakl membrane 

45 fiuorocartjon resin memt^er. 

7. The filter element as defined in daim 6 
wherein sakJ screen extends through pores in said 
membrane ak)ng sakl best sealed end edges. 

a The filter elenr^ as defined in daim 5 
50 wherein sakl filter media is pleated and wherein 
sakl media indudes a membrane fluorocartxm res- 
in member having a screen of fluorocart}on resin 
material disposed contiguous therewitii, a layer of 
fluorocart)on resin material impregnated and lami- 
55 nated ak)ng sakj end edges and ak»ng adjacent 
side edges and effectively encapsulates said mem- 
tyrsne ak)ng said side and end edges. 
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9. The filter element as defined in claim 8 
wtierein said screen materiai is a different 
fiuorocarbon resin material than said membrane 
material. 

10. The fitter element as defined in claim 9 
vyherein a portion of said screen materiai is lami- 
nated with said memtxane material along said end 
edges thereof . 

11. The filter element as defirted in claim 9 
wherein said end caps and said screen material are 
constructed of the same fluorocarbon resin ma- 
terial. 

12. The filter element as defined in daim 9 
wherein said end caps and said screen material are 
constructed of a different fluorocation re^ ma- 
terial. 

13. A completely sealed fitter element con- 
structed exclusively of components fabricated from 
fiuorocartm resins comprising: 

a tut)ular fitter media including a PTFE porous 
membrame having first and second end edges and 
a longrtudtnal side edge seam; 

a thermoplastic fiuorocart)on resin material lami- 
nated to said end edges and said longitudinal seam 
of said PTFE memtMrane, said longitudinal seam 
being melt fiow bonded to effect a continuous seal 
therealong; 

first and second mid caps of thermoplastic 
fiuorocartxm resin material melt flow bonded to 
said end edges of said PTFE membrarie to effect a 
continuous seal therealong, the bubble poAnX of said 
PTFE membrane being not less than bubble point 
before and after said rr>ett flow bonding of said end 
caps thereto. 

14. A fitter element as defined in daim 13 
wherein said fiuorocarbon resin material laminated 
to s^d edges is FEP. 

15. A filter element as defined in claim 13 
wherein said fluorocartKHi resin material laminated 
to said edges is PFA. 

16. A fitter element as defined in claim 13 
which further includes a fluorocart>on restn screen 
disposed contiguous with and not laminated with 
said membrane other than along said edges. 

17. A fitter element as defined in daim 16 
further including a perforate support core member, 
said fitter media being disposed upon and inter- 
nally receiving said support core. 

ia A fitter element as defined in daim 17 
which furtiier includes an outer perforate protective 
sleeve disposed over said filter media. 



19. A fitter element as defined in claim .18 
wherein said support cor member and said outer 
sleev are ach melt fiow bonded to said end caps. 

20. A filter element as defined in cteim 19 
5 wfierein said screen is laminated with said men)- 

brane. 

21. The method of manufacturing a filter ele- 
ment constructed exclusively of compcments fab- 
ricated firom fiuorocartx>n resins and having a fitter 

70 media bonded at its opposite end edges to a pair 
of erKi caps, said media having a screen stk) a 
non-thermoplastic porous membrarYe, said metfK>d 
comprising the steps of: 

75 providing a layer of thermoplastic fiuorocartton res- 
in material to said edge: 

applying heat and pressure to the end edges of 
said filter media and said layer for a time and at a 
20 temperature suffident to melt said layer and to 
allow said layer to impregrtate and mett flow bond 
with said memtxane; 

applying heat to said end cap for a time and at a 
25 temperature suffident to preferentially melt a sur- 
face of said fluorocart)on resin end cap; 

inserting said end edges of said filter media into 
said end cap molten fiuorocarbon resin material; 
30 and 

cooling said end cap and ertd edges to solidify said 
molten material arKi melt flow bond said fitter me- 
dia to said end cap. 

35 22. The method as defines in claim 14 which 
further includes the steps of provicfing a layer of 
ttienmoplastic fiuorocart)on material contiguous with 
^de edges of said memtMrane, and applying heat 
and pressure to the side edges of said membrane 

40 for a firm and at a temperature to melt said layer 
and laminate said layer to said membrane, pleating 
said fitter media, forming said media into a cyl- 
inder, bringing said side edges together in contig- 
uous relationship, applying heat and pressure to 

45 said contiguous side edges for a time and at a 
temperature suffident to melt fiow bond said side 
edges together and effect a fluid tight seal therea- 
long before t»onding said media to sad end caps. 
23. The method of claim 22 wherein each of 

50 said layers of material is between 1 and 4 mils 
thick, said temperature is between 525<' and 
750"*^ said time is between 1 and 4 seconds and 
furtiier indudes application of pressure l^etween 50 
and 400 p.sJ. 

55 
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